It has been pointed out that the overwhelming majority of laryngeal carcinoma arises from the respiratory epithelium which has undergone squamous metaplastic changes (Ackerman and Regato, 1962) . Nakano (1986) reported,in the nasopharynx that the "intermediate epithelium" occupied the transitional zone between the ciliated columnar and the stratified squamous epithelia, and showed various stages of the epithelium transforming from the ciliated columnar to the stratified squamous epithelium. That is, the epithelium occupying the transitional zone in the larynx as well as in the nasopharynx must be of interest, because pathologically it seems to be origin of carcinoma. This paper reports some of the findings on the epithelium in the transitional zone in the mouse larynx, and is expected to contribute towards a further understanding of the histology and pathology of the larynx.
Materials and Methods
The materials were the laryngeal regions removed from 25 ddN mice (10 male and 15 female) aged from 6 to 12 months. Light microscopic specimens were fixed in Zenker's fluid containing 5% acetic acid, decalcified in 6% nitric acid, dehydrated in a graded ethanol series, and embedded in paraffin. They were serially cut into frontal or sagittal sections at a thickness of [5] [6] [7] pm and were applied with hematoxylin and eosin stain.
Scanning electron microscopic samples were fixed with 2.5% glutaraldehyde in phosphate buffer, postfixed with 2% osmium tetroxide, immersed in 2% tannic acid, and stained with 2% osmium tetroxide. They were dehydrated in graded ethanol. After replacement with isoamyl acetate and drying at critical point with liquid CO2 , they were coated with gold and observed under a Jeol-U3 SEM.
Results

General findings
The characteristic of the mouse larynx is that a small pouch-like air sac (provisionally denominated "laryngeal sac") exists in the midline of the ventral wall, just caudal to the base of the epiglottis, at the level of the arytenoid cartilage (Figs. 1-3 ). The entrance of the laryngeal sac is maintained by the U-shaped cartilage (Figs. I and 2 ). In the lateral wall of the larynx, there exists a musculo-membranous shelf, the vocal fold. The vocal fold is directed ventrally from the arytenoid region to the midline of the larynx. And then the bilateral vocal folds join in the rostra' margin of the entrance of the laryngeal sac (Fig. 3) . The vocal process of the arytenoid cartilage extends ventrally into the vocal fold (Fig. 4) . In the mouse, the vestibular fold and the laryngeal ventricle are absent.
Laryngeal epithelium
The oral cavity is lined with the keratinized stratified squamous epithelium, and the rostra! part of the larynx with the "intermediate epithelium (Nakano , 1986; Nakano and Muto, 1987) In this study, a small pouch-like air sac (laryngeal sac) was observed in the midline of the ventral wall of the mouse larynx, just caudal to the base of the epiglottis. The air sac very similar to that of the mouse was also observed in rat, and was termed as the "ventral depression" (Smith, 1977) or "ventral pouch" (Lewis and Prentice , 1980; Lewis, 1981) . The air sac is well developed in birds and water-dwelling animals, whereas in mammals the development of the air sac is in general poor. However, it is well known that primate has well-developed air sac inside and/or outside the larynx. In primate, Hayama (1970) classified the air sac into 5 types depending upon the distribution of its entrance and reported that the majority of Cebidae had the "medial superior anterior type air sac". Considered from its anatomical configuration, the air sac in the mouse larynx appears to correspond to the "medial superior anterior type air sac" in Cebidae (Hayama, 1970) and the "recessus laryngis medianus" in the Nomina Anatomica Veterinaria Japonica.
Although various terms has been used to describe the air sac as discussed above, the term laryngeal sac was used in this study.
The entrance of the mouse laryngeal sac was maintained by the U-shaped cartilage as in rat (Smith, 1977; Lewis and Prentice, 1980 Lewis, 1981) , "pseudostratified cuboidal epithelium" (Lewis and Prentice, 1980) and "low squamous type epithelium" (Lewis, 1981). As mentioned above, the multiplicity of the terms for the epithelium in the transitional zone has led to confusion. Further, it is inappropriate to apply the term "transitional epithelium" to any tissue other than the urinary system. In the present study, the epithelium occupying the transitional zone in the mouse laryx showed gradually varying types of epithelia and was distinguished 3 types, the stratified squamous, the stratified cuboidal and the ciliated stratified low-columnar types. The present authors reported the presence of the "intermediate epithelium" in the mouse nasopharynx (Nakano, 1986) , arytenoid region (Nakano and Muto, 1986) , epiglottis (Nakano and Muto, 1987 ) and nasopalatine duct (Nakano et al., 1988) , where the stratified squamous epithelium adjoined to the ciliated columnar one. The intermediate epithelium showed gradations ranging from stratified squamous to ciliated columnar type. The epithelium lining the transitional zone in the mouse larynx appears to be identical with the intermediate epithelium in the nasopharynx and the epiglottis. The ciliated low-columnar type of the epithelium corresponds to the description of Copenhaver (1964) , Ham (1969) and Bloom and Fawcett (1976) . The stratified cuboidal type' appears to be identical with the "transitional epithelium" (Uchida, 1961) and the "stratified cuboidal epithelium" (Copenhaver, 1964; Greep, 1966; Ham, 1969; Bloom and Fawcett, 1976; Ichikawa et al., 1977; Krstic, 1981) .
Under the SEM, the intermediate epithelium in the larynx showed 2 basic surface appearances, the paving-stone appearance which was covered by relatively flat polygonal cells, and the cobblestone appearance where cells bulged out to varying degree from the surface. The former appearance corresponds to the stratified squamous type, and the latter to the stratified cuboidal type at the light microscopic level. Furthermore, in some sites various transitional forms between the paving-stone and the cobblestone appearances were observed; e.g., some cells are dissected by depressions between the adjacent cells but their apical surfaces are relatively flat. These transitional forms appear to correspond to the "squamoid (type) epithelium" (Lewis and Prentice, 1980; Lewis, 1981) .
Surface appearances very similar to the intermediate epithelium have been observed in the larynx of various animals. Andrews (1974) studied the rat extrapulmonary tract and reported that the "microvillous cells", which bulged out from the surface or appeared relatively flat, were found in large patches throughout the larynx. Hiraki (1976) described in the larynx of Japanese It is well known that the larynx is embryonically covered with a ciliated columnar epithelium, and that later in some sites such as the vocal fold the epithelium becomes squamous (Sekido, 1953; Hopp, 1955; Uchida, 1961; Izuchi, 1963; Endo, 1972) . In this study, the stratified squamous type of the intermediate epithelium was predominantly observed in the regions where cartilages were close to the epithelial surfaces, e.g., the vocal fold and the entrance of the laryngeal sac. It is reasonable to assume that these regions are subjected to considerable mechanical stress due to air flow or contact between the epithelial surfaces. This observation lends further support to the earlier suggestion that the intermediate epithelium shows the various stages of the epithelium transforming from the ciliated columnar to the stratified squamous epithelium, and that the transformation represents a protective response to the mechanical stress (Nakano, 1986) .
In this study, the mouse laryngeal sac was covered with the intermediate epithe-
lium continuing from the laryngeal cavity.
On the contrary, in monkey the laryngeal sac was lined by the ciliated pseudostratified columnar epithelium (Hilloowala, 1976; Nokubi et al., 1983) . The variation appears to correspond to the differences of the arrangement of the laryngeal epithelium between these 2 animals.
with English summary Light micrograph showing the entrance of the laryngeal sac. The stratified squamous type epithelium (arrows) continues to the stratified cuboidal type one (arrowheads). U = U-shaped cartilage. x 300. Higher magnification to show the paving-stone appearance. The cells appear to be relatively flat. x 3,000. Fig, 9 .
Higher magnification to show the cobblestone appearance. The cells are dissected by depressions and bulge out from the surface. x 3,000. 
